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packages (e.g., see Robert Mikkola and Linlin Chen, "Investigation of the R„ie S 0 f the 
Additive Components for Second Generation Copper Electroplating Chemistri es used for 
Advanced Interconnect Metallization", Proceedings of the International Interconnect 
Technology Conference, pages 117-1 19, June 5-7, 2000). These formulations are 
5 generally known as suppressors and accelerate Some recently introduced packages 
for example Via-Form chemistry marketed by Enthone, and Nano-Plate chemistry 
marketed by Shipley, also include a third component called a leveler. 

Suppressors or inhibitors are typically polymers and ate believed to attach 
themselves to the workpiece surface a. high current density regions, thereby forming, i„ 
> effect, a mgh resist film, increasing polarization there and suppressing the current 
density and therefore the amount of material deposited thereon. Accelerate, on the 
outer hand, enhance Cu deposition on portions of the workpiece surface where they are 
adsorbed, in effect reducing or eliminating the inhibiting function of me suppressor. 
Leve.ers are added in the formulation to avoid formation of bumps or overt., over dense 
and narrow features as will be described in more detail hereinafter. Chloride ions 
themselves affect suppression and acceleration of deposition on various parts of the 
wotkpiece (See Robert Mikkola and Linlin Chen, "Investigation" Proceedings article 
referenced above). The interplay behveen al. these additives in-part determines the nature 
of the Cu deposit. 

The following figures are used to more fully describe a conventional 
electrodeposition method and apparatus. Fig. 1 i, lustrat es a cross-sectional view of an 
example workpiece 3 having an insulator 2 formed thereon. Using conventional 
deposition and etching techniques, features such as a dense array of small vias 4a, 4b, 4c 
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and a dual damascene strucntre u „ fonMd 0 „ ^ 2 ^ ^ ^ ^ 

«. -ample, the vias 4a> 4b , „ narrow ^ ^ k ^ ^ ^ ^ ^ 

-pec. rata (i.e., .heir depth .o width ratio is large). Typically, the widths of the ^ 4a , 
4b, 4c may be sub-micron. * dud-damascene stiucture 4d, „„ ft. „ mer hand, ha s a 
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Figures 2a -2c illustrate a conventional method for filling , he {emats of Fig , 

withCu. Fig^ailteestheexemplaryworkpieceofFig. 1 having various layerc 
disposed .hereon. For e;[ample , m figure iUustrates ^ 3 ^ ^ ^ ^ 

having deposited .hereon a barrier/glue or adhesion .aver 5 and a seed .ayer 6. fc 
barrier/glue layer* maybe^um.niwdesof^,,^ ^ ^ 
=<C or combinations of any other material ft. are commonly used in mis field. Tie 
barrier/gme layer 5 is genenUly deposited using any of the various sputtering methods, by 
chemical vapor deposition ,C VD) etc. Hereafter, the seed layer 6 is deposited over me 

may be dep„si,ed on me barrier/glue layer 5 using various methods known in the bid. 

to Kg. 2b, after depositing the seed layer 6, a conductive material 7 (e.g., copper 
layer) is electrodeposited thereon from a ^ pMag ^ ^ ^ ^ _ 

Cectrica, conuc, is made to the Cu seed layer and/or the barrier layer so that a catholic 
(negative) voltage can be applied mere* with respec. ,o an anode (no, shown,. 
Thereafter, me Cu materia. 7 is electrodeposited over me wortcpiece surface using the 
W formulated p,a,i„ g solutions, as discussed above. ., sh„u,d be noted ma, the seed 
layer is sh„™ as an integral par, „f the deposited copper layer 7 in Figure 2b. By 
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profile as shown in Fie. 2b Wiil.n„r n,« „ 

8 Without the appropriate additives, Cu can grow on the 

-, tt ereh y oausi„ g de f ec te s U chassea JM a J1 dvo i d s ,asi S we llkn o™i„ t hei„d U s tty 
Adsorption characteristics of the suppressor and acceptor additives on the 

-a^oncha.cteH.cson.etopsnrfaceor^^^^^^ 
^thecn^essatthchottorn^..^^^^^^^^ 

Cu thickness over the field reeionsS k-m • • 

regions 8. Field region is defined as the top surface of the 

insulator in between the features etched into it. 

As can be expected, to completely fillthe'french 4e with the Cu material 7, further 
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themselves over these high current density region i.e. bumps or overfill, and reduce 
plating .here, effectively leveling ft. „ to surfac*. Therefore, specia, baft formulations 
and pulse plating processes have been developed ,o obtain bottom-up filling of the small 
features and reduction or elimination of the overfilling phenomenon. 

A new class of plating techniques called Electrochemical Mechanical Deposition 
(ECMD) have been developed to depositplanar films over workpieces with cavities of all ' 
shapes, sizes and forms. Methods and apparatus t „ achieve thin and plana, Cu deposits on 
electronic workpieces such as semiconductor wafers are invaluable in terms of process 
efficiency. Such a planar Cu deposit is depicted i„ Figure 3. The Cu thickness .5 over 
the field regions 8 in this example is smaller than the traditional case as shown i„ Fig . 2c . 
Removal of the thinner Cu layer in Fig. 3 by CMP, etching, electropohshing or other 
methods would be easier, providing important cos. savings. Dishing defects are also 
expected to be mimmal in removing planar layers such as the one shown in Figure 3. 

In the recently issued U.S. Patent No 6,176,992, entitled - Method and Apparatus 
for Electrochemical Mechanica! Deposition", commonly owned by the assigneeof the 
present invention, discloses in one aspect a technique mat achieves deposition of the 
conductive material into the cavities on the workpiece surface white minimizing 
deposition on the fieldregions. This ECMD process results in planar materia, deposition. 

U.S. Patent Application No. 09/740,701 filed on December 18, 2000 entitled 
"Plating Method And Apparatus That Creates A Differentia. Between Additive Disposed 
On A Top Surface And A Cavity Surface Of A Workpiece Using An Externa, influence" T^^^' 
and ,s a.so assigned to the same assignee as the present invention, describes in one aspect 
an ECMD method and apparatus that causes a differentia, in additives to exist for a 
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period of time between . top surftce md a ^.^ su face ^ a ^ ^ 

greater relative plating of the cavity surf ac e , op ^ 

Outer applicauons f„ed relate t0 speciflc fa ^ ^ ^ 

» EC ^~»c lu deU.,Pa, W ^ 

6^ \ ^^^-VersatileMateriaUProcessingAppara^fl^Febru^y 20 00 

"Method to Minimize and/or Eliminate Conductive Material Coating Over the Top 
f*HW*4 S ^^^ SUbSta,emdUyerS ^ M * Th ^^Sep,em l . 28 , . ' 

>>Hffl& Contoll "*™^e S sU»if 0 rmi^ofElec to p 1 a,edUy2^ n ^ n '^ ™^PW*VX. 
U F Layer, au of whicli applications are toWO IqO 

0 15 assigned to the same assignee as the present invention. 

While the above-described ECMD processes provide numerous advantages 

corresponding ,„ various cavities, to yield new and novel conductor structures, are 
desirable. 
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SUMMARY OF THE INVENTION 

It ^ - objectofthepresent invention to prov ld e apparatus and methods ^ plate 
a conductive material on a workpiece surface. 
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» - another object of , he presen, invention t0 provide ^ ^ ^ 

p1a,e a conduct ma,erial in both small and large features „ f a workpiece su face ^ 
efficiency, cost-savings, and superior quality. 

It is a further object of the presen, invention «„ provide apparatus m d methods for 
» a workpiece surface influencing device to obtain a differentia, between additives 

disposed on a top surface of a conductive iayer and additives within cavity surfaces of the 
conductive iayer, whi.e mining to surftce „ of me ^ ^ 
dev.ee mat contacts the top surface of the conductive layer. 
O I. is a further object of the presen, invention ,„ provide apparatus and methods for 

| ustng a workpiece surface influencing device ,„ ob,ain a differentia, between additives 
£ disposed on a top surface of a conductive iayer and additives within cavity surfaces of the 
conductive layer, while minimizing the amount of time tha, the workpiece surface 
Muencing device co„,ac,s a given area on the top surface of the conductive layer. 

IHsa^erobjectofmepresenHnvention^provideforvariousmethodsof 

O * ^-oHcpieccsurfacemfluencmgdevicealongwimapiatingappararusto 
achteve various desirable semiconductor structures. 

I. is a further object to provide a memo, of modifying a convention, plating 
apparatus to use a workpiece surface influencing device. 

H. above objects of me invention, among chers, taken alone or in combination 
» are achieved by the presen, invention, which provides apparatus for, and methods of, 
plating a conductive materia, on the surface of a workpiece. 

* one aspect of me invention, an e,ectro,y,e so,u,i„» witi, a, leas, one additive 
disposed therein is applied over the workpiece, such ma, me additive becomes adsorbed 
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on t o*e.oppo rti o„a 1 ,d tt ecavi ly p„ rtionofthew<)rkpiece Usinga woritpiecesurface 

influenoingdevice.suchasamaskorsweeper.tha.preferenaa.lyoon.acu.he.ops^ace 
of the workpiece, relative movement between the workpiece and tie workpiece surface 
influencing device is established so that the additive adsorbed onto the top surface is 
s removed or otherwise its amount or concentration changed with respect to the additive on 
the cavity surface of the workpiece. Mating of the conductive materia, can piace prior to, 
during and after usage of the workpiece surface influencing device, particularly after the 
workpiece surface influencing device no bnger contacts any portion of the top surface of 
the workpiece. 

In another aspect of the method, the workpiece surface influencing device uses a 
sweeper that directly contacts the top surface of the workpiece and mere is also preferably 
included a shaping plate located between the anode and the cathode to assist with 
providing uniform film deposition on the workpiece. 

In a Anther aspect of the invention, a method is disclosed for modifying a 
conventional plating apparatus with a workpiece surface influencing device according to 
the present invention. 

In another aspect of the invention, novel semiconductor structures are described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and aspects of the present invention will 

the presently preferred exemplary embodiments of the invention taken in conjunction 
with the accompanying drawings, of which: 
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Figure , i'l-tmtesacrosssectionofapor.ionofaworkpiecesttuoteewi.h 
features .herein tha, requires application of a conductive material thereover. 

Figures 2a -2c illustrate using various cross sectional views a convention, 
^method for filling toe features of Fig. 1 with a conductor. 

containing the conductor within yk features. 

^^"^acmsss^viewofatvpicalworMeces^cture 
/containing the conductor within the features. 

^ 3 iUUS,rateS ' CroSS ™ of a workpiece structure obtained using 

4 !| 10 electrochemical mechanical deposition. 

Figure 4 illustrates a conventional plating apparatus. 

Figure 5 iUustrates an electrochemica! mechanical deposition apparatus according 

^ to the present invention. 

J! Figures 5 /-5D illustmte various^ mat can he used with the 

g « ej^chemica, mechanic deposit appatatus according to the present invention. 

^emodfo^bjairinj^s^ 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

r„e preferred embodiments of the present invention will now be ^ 
reference ,o the following flgures . The inventors of me present i„ V e„ ljon have ^ mat 
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by Plating the conductive materia , 0 „ me ^ ^ & ^ ^ 

mo re desirab.e and high ouahty conductive materia, can be deposited in the various 

features therein. 

The present invention can be used with any workpiece such as a semiconductor 
» wafer, flat pane,, magnetic fUm head, packaging substrate, and the ,ike. Further, specific 
Pressing parameters such as materia,, time and „, md Ae like „ pmviM 
herein, which specific pammeters are intended to be exp.ana.ory rather than limiting. For 
example, although copper is given as an example of the plated material, any other 
materia, can be electroplated using mis invention provided ma, the plating so.ution has a, 
J least one of plating enhancing and inhibiting additives in it. 

The plating method described herein is a type of ECMD technique where an 
external influence is used on the workpiece surface to influence additive adsorption there. 
The present invention describes a method and apparatus for plating tire conductive 
materia, onto the workpiece by moving a workpiece-surface-influencing device, such as a 
mask or sweeper as described taherherein and is positioned between the anode and tire 
workptee, ,„ a, .east intermittent* make contact with the various surface areas of the 
workpiece surface to establish an additive differentia, benveen the top surface and the 
workpiece cavity features. Once the additive differentia, is established, power that is 
applied between an anode and the workpiece wi„ cause plating to occur on the workpiece 
surface, typically more predominant* within the cavity features man on the top surface. It 
should he noted tha, the workpiece-surface-influencing device may be apptied to the top 
surfacea, anytime before or during phting or the apphcation of power, ,„ establish an 
additive differentia.. The present invention may a,so inc.ude a shaping plate, as 
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described further herein. Furthermore, the present invention is directed to novel plating 
method and apparatus that provide enhanced electrodeposition of conductive materials 
into and over the various features on the workpiece surface while reducing plating over 
others. 


5 


Before further discussing the present invention, the distinctions that are intended 
to be made herein between a mask(which can also be termed a pad, but will herein be 
referred to as a mask), a sweeper and a shaping plate will first be described. In 
applicant's U.S. No. Patent No 6,176,992 and U.S. Patent Application No. 09/740,701 
referenced above there is described a mask that sweeps the top surface of a workpiece and 
10 also provides an opening or openings of some type through which the flow of electrolyte 
therethrough can be controlled. Applicant has recognized that while such a mask as 
described works very well, that a combination of two different components, a sweeper 
and a shaping plate (which can also be referred to as a diffusa), can alternatively be used, 
although it is noted that a shaping plate can also be used with a mask, though in such 
15 instance there is redundant functionality between the two. It has also been found that 
while having both a sweeper and a shaping plate is desirable, that the present invention 
can be practiced using only a sweeper. Accordingly, the workpiece-surface-influencing 
device referred to herein is used to include a mask, a pad, a sweeper, and other variants 
thereof that are usable to influence the top surface of the workpiece more than surfaces 
to that are below the level of the top surface such as surfaces within cavity features. It 
should be understood that there are workpiece surface influencing devices other than a 
mask or a sweeper that could potentially be utilized. The present invention is not meant to 
be limited to the specific mask and sweeper devices described herein, but rather includes 


13 


NT-225(U) 


any mechanism toa. through the action of sweeping establishes a differentia, between the 
additive content on the swept and toe unswep, surfaces of toe workpiece. Ms differential 
is such that ft causes more materia, deposition „„ to me unswep, regions (in terms of per 
unit area) than toe swept regions. This means toe plating cur™, density is higher on 
5 unswep, surfaces than on swep, surfaces. 

Fig. 4 illustrates a conventional Cu plating cell 30 having (herein an anode 31, a 
cathode 32, and an electrolyte 33.1, should be no,ed toa, toe plating cell 30 maybe any 
conventual ceU and ftsexactgeome^^^ Fm 
example toe anode 3 1 may be placed in a different container in fluid communication wito 
.« thepIatingcell30.Bototoea„ode31 and toe catoode 32 may be vertical or toe anode 
maybeoverthecatoodeete. There may also be a difiuser or shaping plate 34 in be^veen 
toe anode and toe catoode ,o assis, in providing a uniform film deposition on toe 
workpiece. The shaping plate 34 will typically have asparaties 35 toa, control fluid and 
electric field dilution over toe catoode area ,o assis, in attempting ,„ deposit a globally 
15 uniform film. 

Otoer conventional ancillary components can be used along wito toe present 
invention, but are not necessary ,„ toe practice of toe invention. Such components 
include well known electioplating "thieves" and otoer means of providing for uniform 
deposition toa. may be included in toe overa.1 p.ating cel. design. There may also be 
0 filters, bubble elimination means, anode bags e,c. used for purposes of obtaining defect 
free deposits. 

The electrolyte 33 is in contact with the top surface of the cathode 32. The 
cathode 32 in the examples provided herein is a workpiece. For purposes of this 
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description, the workpiece will be described as a wafer having various features on its top 
surface, and it is understood that any workpiece having such characteristics can be 
operated upon by the present invention. The wafer is held by a wafer holder 36. Any type 
of wafer holding approaches that allow application of power to the conductive surface of 
5 the wafer may be employed. For example, a clamp with electrical contacts holding the 
wafer at its front circumferential surface may be used. Another, and a more preferred 
method is holding the wafer by vacuum at its back surface exposing the full front surface 
for plating. One such approach is provided in U.S. Patent application entitled "Mask 
Plate Design" filed on the same day as this application, and which also is based on 
priority provisional application No. 60/272,791 filed March 1, 2001. When a DC or 
pulsed voltage, V, is applied between the wafer 32 and the anode 3 1 rendering wafer 
mostly cathodic, Cu from the electrolyte 33 may be deposited on the wafer 32 in a 
globally uniform manner. In terms of local uniformity, however, the resulting copper 
film typically looks like the one depicted in Figure 2c. In case there is leveling additive(s) 
in the electrolyte, the thickness t3 maybe approximately equal to the thickness t4 since 
overfilling phenomenon would be mostly eliminated by the use of leveler. Power may be 
applied to the wafer and the anode in a current-controlled or voltage-controlled mode. In 
current-controlled mode, the power supply controls the current and lets the voltage vary 
to support the controlled amount of current through the electrical circuit. In voltage- 
controlled mode, the power supply controls the voltage allowing current to adjust itself 
according to the resistance in the electrical circuit. 

Fig. 5 illustrates a first preferred embodiment of the present invention, which can 
be made not only as a new device, but also by modifying the conventional plating 
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apparatus such as described above in Fig. 4. m this embodiment of the present invention, 
a sweeper 40 is positioned in close proximity to the wafer 32. For simplicity, Figure 5 
only shows the shaping plate 34, the wafer 32 and the sweeper 40. During processing, 
sweeper 40 makes contact with the top surface of the wafer, sweeping it so that during at 
5 least part of the time copper deposition is performed, the additive differential exists. The 
sweeper 40 may be of any size and shape and may have a handle 4 1 that moves the 
sweeper 40 on the wafer surface, preferably using programmable control, and can also be 
retractable so that it moves the sweeper 40 entirely off of the area above the top surface of 
the wafer, which will result in even less interference than if the sweeper 40 is moved 
10 away from the wafer so that physical contact between the sweeper 40 and the wafer does 
not exist, as also described herein. The handle 41 preferably has a surface area that is 
small so as to minimize interference by the handle 41 with plating uniformity The 
handle may also be coated with an insulating material on its outside surface, or made of a 
material, that will not interfere with the process chemistry or the electric fields used 
15 during plating. 

It is preferable that the sweeper area 42 that makes contact with the wafer surface 
be small compared to the wafer surface so that it does not appreciably alter the global 
uniformity of Cu being deposited. There may also be small openings through the sweeper 
and the handle to reduce their effective areas that may interfere with plating uniformity. 
0 There maybe means of flowing electrolyte through the handle and the sweeper against 
the wafer surface to be able to apply fluid pressure and push the sweeper away from the 
wafer surface when desired. As stated before, sweeper area needs to be small. For 
example, for a 200mm diameter wafer with a surface area of approximately 300 cm 2 , the 
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surface area of «he sweeper 40 may be less than 50 cm', and is preferably less .ban 20 
cm'. In after words in .he firs, preferred embodiment of the present invention the 
sweeper 40 is used to produce an external influence on the wafer surface. The global 
uniformity of .he deposited Cu is determined and controlled by otter means such as b. 
3 shaping p , ate 34 to. are inemded in me overall design. The sweeping action may be 
achieved by moving me sweeper 40, fte wafer or bom in linear and/or orbitel fashion. 

The sweeping motion of the sweeper may be a function of me shape of me 
sweeper. For example, Figure 5a shows an exemplary sweeper 50 on an exemplary 
wafer 5 1 . The moving mechanism or the handle of the sweeper is no. shown in this 
10 figure, and can be implemented using conventional drive devices. In a particular 

embodiment, the wafcr51 is rotated around its origin B. As the wafer 5 1 is rotated, the 
sweeper 50 is scanned over the surface between the positions A and B in illustrated «x» 
direction. This way if me velocity of mis scan is appropriately selected, eve^pom, „» me 
wafer surface would be swept by the sweeper 50 intermittently. The velocity of the 

5 1 .0 make up for me lower linear velocity of the wafer surface with respect ,0 me 
sweeper 50 as the origin B of the wafer rotation is approached. The motion of me 
sweeper can be continuous or me sweeper may be moved mcrernemally over *e surface. 
For example, me sweeper 50 may be moved from location A ,0 B a, increment of W and 
i< can be kep, a. each incremental position for at leas, one revolution of me routing wafer 
.0 assure i, sweeps evoypoin, „„ me wafer surface ^ may ^ a ^ ^ ^ ^ 

ultrasonic transducer, Called in the sweeper structure ma, increases the efficiency of the 
sweeping action and ,hus eslablishes more additive differential during a shorter time 


17 


NT-225(U) 


period. The wafer 51 , in addition to rotation may also be translated during the sweeping 
process. While the relative movement preferably occurs at average speeds between the 
range of 1 ,„ 1 00 ank.it is understood ft* the rebtive movement speed is one variabie 
mat can be used ,„ control the resulting plating process, with other variables being noted 
herein. In a modification of this embodiment, the two positions A and B can be at 
opposite ends of the wafer, in which case the sweeper moves across the diameter of the 


wafer. 


An alternate case involves a stationary wafer and a sweeper that is programmed to 
move over the wafer surface to sweep every point on that surface. Many different 
sweeper motions, both with and without motion of the wafer, may be utilized to achieve 
the desired sweeper action on the wafer surface. 

One particularly advantageous sweeper design shown in Figure 5b is a rotational . 
sweeper 52, which can move around axis 53. In this case, when the sweeper 52 is 
translated on the wafer surface, the wafer may or may not be moved because the relative 
motion between the wafer surface and the sweeper 52 which is necessary for sweeping 
the wafer surface is provided by the rotating sweeper. One attractive feature of this 
design is the fact that this relative motion would be constant everywhere on the wafer 
including at the center point B of the wafer. It should be noted that the rotational sweeper 
52 may be designed in many different shapes although the preferred shape is circular as 
illustrated. It should also be noted that more than one circular sweeper may be operating 
on the substrate surface. 

As shown in Figure 5C, the sweep/ may also be in the form of a small rotating 
eeping belt 55 (rotating drive mech^ism not shown, but being of conventional drive 
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c y ^ mechamsms) with a sweeping surfi^ 54 resting against the wafer surface. Again, more 

than one such sweeper may be employed. 

Each of the sweepers illustrated in Figures SA-^/cm be adapted to be placed on 
the end of a handle 41 as described above, such tWthe motion of the sweeper relative to 
^5 the workpiece surface can be programmably^rolled. Further, for embodiments such 
as those illustrated in Figure 5B and 5C wnere the sweeper itself is rotating about some 
axis, such as the center of the circula/ad in Fig. 5B and around the small rollers in Fig. 
5C, this rotation can also be separ4ly and independently programmable controlled. 

Another practical sweeper shape is a thin bar c^wiper 58 shown in Figures 5D1 ' 
| 10 and 5D2 as being a straight bar 58A and a curved U 58B , respectively. This bar 58 may 
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be swept over the wafer surface in a given direc/on, such as the "x" direction shown in 
Figure 5D1, under programmable control, U if cylindrical, may also rotate around an 
axis. The bar 58 could also be stationery/hen being used, and, if desired, be pivotable 
about a pivot point so that it could behoved from over the wafer surface when not in 


t 15 USC ' 38 Sh0wn in F iS«e 5D2 with bar 58B and pivot 59. For each of the sweepers . 


described above, the surface are/of the sweeper portion of the sweeper that will 
physically contact the top su/ace of the wafer has a size that is substantially less than the 
top surface of the wafeyTypically, the surface area of the sweeper portion that contacts 
the top surface of the/afer is less than 20% of the surface area of the wafer, and 
20 preferably less tha/l0% of the surface area of the wafer. For the bar or wiper type 
sweeper, this percentage is even less. 

The body of the sweepers as described above may be made of a composite of 
materials, as with the mask described above, with the outer surface made of any material 
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that is stable in the plating solution, such as polycarbonate, Teflon , polypropylene and 
the like. It is, however, preferable, that at least a portion of the sweeping surface be made 
of an flexible insulating abrasive material that may be attached on a foam backing to 
provide uniform and complete physical contact between the workpiece surface and the 
5 sweeping surface. And while the sweeping surface may be flat or curved, formed in the 
shape of a circular pad, or a rotating belt, the surface of the sweeper that sweeps the top 
surface of the wafer should preferably be flat in macroscopic scale with microscopic 
roughness allowed to provide for efficient sweeping action. In other words the sweeper 
surface may have small size protrusions on it. However, if there are protrusions, they 
10 preferably should have flat surfaces, which may require conditioning of the sweeper, 
much like conventional CMP pads need to be conditioned. With such a flat surface, the 
top surface of the wafer is efficiently swept without sweeping inside the cavities. 

If the sweeping surface is not flat, which may be the case when soft materials, 
such as polymeric foams of various hardness scales are used as sweeping surfaces, it is 
15 noted that the softer the material is, more likely it will sag into the cavities on the 
workpiece surface during sweeping. As a result, the additive differential established 
between the top surface and the cavity surfaces will not be as large and process efficiency 
is lost. Such a softer sweeper material can nevertheless be useful to fill deep features on a 
wafer or other type of workpiece in which any defects such as scratches on the workpiece 
0 surface layer is to be minimized or avoided. While the soft sweeper cannot efficiently fill 
the cavity once the cavity is filled to a level that corresponds to the sag of the soft 
material, preferential filling can exist until that point is reached. Beyond that point 
preferential filling of cavities may cease, and plating current may be distributed equally 
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all over the surface of the wafer. 

Referring again to Figure 5, which could use any of the sweepers as described 
above, as the sweeper 40 moves over the surface of the wafer 32, it influences the 
additive concentrations adsorbed on the specific surface areas it touches. This creates a 
i differential between the additive content on the top surface and within the cavities that are 
not physically swept by the sweeper. This differential, in turn, alters the amount of 
material deposited on the swept areas vs in the cavities. 

For example, consider a conventional Cu plating bath containing Cu sulfate, 
water, sulfuric acid, chloride ions and two types of additives (an accelerator and a 
suppressor) . When used together, it is known that the suppressor inhibits plating on 
surfaces it is adsorbed and the accelerator reduces or eliminates this current or deposition 
inhibition action of the suppressor. Chloride is also reported to interact with these 
additives, affecting the performance of suppressing and accelerating species. When this 
electrolyte is used in a conventional plating cell such as the one depicted in Fig. 4, the 
resulting copper structure 7 is as shown in Figure 2c. If, however, the sweeper 40 starts to 
sweep the surface of the wafer after conventional plating is carried out initially to obtain 
the copper structure 7 shown in Figure 2b, the additive content on the surface regions is 
influenced by the sweeping action and various Cu film profiles, described hereinafter will 
result. 

Figure 6a (which is the same as Figure 2b), shows the instant ( called time zero 
herein) sweeper 40 sweeps the top surface areas 60 of the wafer that also has the provided 
exemplary cavity structure, by moving across its top surface in the direction x, preferably 
at a velocity of 2-50 mm/sec and an applied pressure, preferably in the range of 0.1-2 psi. 
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Wafer may also be moving at the same time. It should be noted that the barrier/glue layer 
is not shown in some of the figures in this application for the purpose of simplifying the 
drawings. By mechanically sweeping the top surface regions 60, the sweeper 40 
establishes a differential between the additives adsorbed on the top surfaces 60 and the 
> exemplary small cavities 61 and large cavity 62. This differential is such that there is less 
current density inhibition in the cavities 61, 62 compared to the surface region 60, or in 
effect current density enhancement through the cavity surfaces. There may be many 
different ways the differential in additive content between the swept and unswept regions 
of the top surface may give rise to enhanced deposition current density through the 
unswept surfaces. For example, in the case of a electroplating bath comprising at least 
one accelerator and one suppressor, the sweeper 40 may physically remove at least part 
of the accelerator species from the surface areas therefore leaving behind more of the 
suppressor species. Or the sweeper may remove at least a portion of both accelerator and 

suppressor species from the top surface but the suppressor may adsorb back onto the 
swept surfaces faster that the accelerator right after the sweeper is removed from the 
surface. Another possibility is that activation of the top surfaces by the mechanical 
sweeping action may actually play a role in the faster adsorption of suppressor species, 
since it is known that freshly cleaned, in this case swept, material surfaces are more active 
than unclean surfaces in attracting adsorbing species. Another possible mechanism that 
may be employed in the practice of this invention is using an additive or a group of 
additives that when adsorbed on a surface, enhance deposition there, compared to a 
surface without adsorbed additives. Li this case, the sweeper can be used to sweep away 
and thus reduce the total amount of additives on the swept surfaces and therefore reduce 
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plating there compared to the unswept surfaces. It should also be noted that certain 
additives may act as accelerators or suppressor depending upon their chemical 
environment or other processing conditions such as the pH of the solution, the plating 
current density, other additives in the formulation etc. After the sweeper 40 sweeps the 
5 surface 60 at time zero, the sweeper 40 is moved away from the top surface of the wafer, 
and plating continues on the example cavity structure. However, because of the additive 
differential caused by the sweeper, more plating takes place into the cavity regions, with 
no further sweeping action occurring to result in the Cu deposit at a time tl that is shown 
in Figure 6b. Small bumps or overfill 65 may form over the vias due to the overfilling 
phenomena discussed earlier. If a leveler is also included in the chemistry these bumps 
can be avoided, however, as shown hereinafter, the present invention can eliminate these 
bumps without the need of a leveler. 

The sweeper 40 is preferably moved away from the surface 60 by mechanical 
action, although increasing a pressure of the electrolyte on the sweeper 40, or through a 
combination thereof can also be used. Increased electrolyte pressure between the sweeper 
surface and the wafer surface may be achieved by pumping electrolyte through the 
sweeper against the wafer surface. Thus increased pressure then causes the sweeper to 
hydro-plane and loose physical contact with wafer surface. 

Once a differential is established by the sweeper 40 in the additive content 
between the cavity and surface regions, this differential will start to decrease once the 
sweeping action is removed because additive species will start adsorbing again trying to 
reach their equilibrium conditions. The present invention is best practiced using additives 
that allow keeping this differential as long as possible so that plating can continue 
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preferentially into the cavity areas with minimal mechanical touching by the sweeper on 
the wafer surface. The additive packages containing accelerator and suppressor species 
and supplied by companies such as Shipley and Enthone allow a differential to exist as 
long as a few seconds. For example, using a mixture of Enthone ViaForm copper sulfate 
5 electrolyte containing about 50 ppm of CI, 0.5-2 ml/1 of VFA Accelerator additive, and 5- 
15 ml/1 of VFS Suppressor additive allows such a differential to exist. Other components 
can also be added for other purposes, such as small quantities of oxidizing species and 
levelers. Obviously, the differential becomes smaller and smaller as time passes before 
the sweeper 40 once again restores the large differential. 
I 10 Let us mat at time tl the differential is a fraction of the amount it was 

when the sweeper 40 just swept the surface area. Therefore it may be time again to bring 
the sweeper 40 back and establish the additive differential. If the sweeper 40 is swept 
over the surface of the copper layer shown in Figure 6b, in addition to the new top areas 
66, the tops.of the bumps 65 which are rich in deposition enhancing species will be 
g 15 swept. This action will reduce these species on the top of the bumps, in effect achieving 
what the leveler additives achieve in conventional plating processes. Continuing 
sweeping the surface in intervals one can obtain the flat Cu deposition profile shown in 
Figure 6c. With respect to the Figure 6c profile, it is also noted that this leveling occurs 
because the bumps or overfills, and the trough regions therebetween, provide a similar 
20 structure as the top surface portion and cavity portion that requires plating according to 
the present invention. Accordingly, by creating the additive differential between the 
overfills and the trough regions, plating of the trough regions occurs faster than plating of 
the overfills, and leveling occurs. 
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And with a sweeper 40 as described above, since plating on a large portion of the 
wafer can occur while another small portion of the wafer is being swept, this profile can 
be achieved with continuous sweeping without removing the sweeper 40 from the top 
surface of the wafer. 

Let us now assume that at time tl the additive differential between the top regions 
and within feature is still substantial so that conventional plating can continue over the 
copper structure of Figure 6b without bringing back the sweeper 40. Since the enhanced 
current density still exists over the small features and within the large feature, by 
continuing conventional plating over the structure of Figure 6b, one can obtain the unique 
\U 10 structure of Figure 6d, which has excess copper over the small and large features and a 

it! 

thin copper layer over the field areas. Such a structure may be attractive because when 

g such a film is annealed, it will yield large grain size in the features over which there is 
W 

a thick copper, which results in lower resistivity interconnections and better 

$ electromigration resistance. This selective enhanced deposition is a unique feature of the 
P 15 present invention. Features with enhanced Cu layer are also attractive for the copper 
removal step (electroetching, etching or CMP steps), because the unwanted Cu on the 
field regions can be removed before removing all of the excess Cu over the features. Then 
excess Cu over the features can be removed efficiently and the planarization can be 
achieved without causing dishing and erosion defects. In fact, the excess Cu directly over 
20 the features may be removed efficiently by only the barrier removal step, as explained 
further hereinafter. 

The structure in Figure 6e can also be obtained by the present invention. In this 
case the sweeper 40 is swept over the structure of Figure 6b. As explained previously, the 
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tips of the bumps 65 in Figure 6b are rich in current density enhancing or accelerating 
additive species. In fact this is the reason why the bumps or overfill regions form. By 
sweeping the tips of the bumps, the deposition enhancing species near the tips of the 
bumps are reduced and the growth of the bumps is slowed down. In other words the 
leveling action achieved chemically in the prior art by use of a leveler in the electrolyte 
formulation is achieved through the use of the mechanical sweeping of the present 
invention. After sweeping the surface and the bumps, plating is then continued with 
further sweeping occurring only to the extent necessary on the surface of the wafer, 
depending upon the characteristics of the bumps that are desired. This yields a near-flat 
Cu deposit over the small features and a bump or overfill over the large feature, as shown. 
It is apparent that the more sweeping action that occurs, the less pronounced the bumps • 
will become. 

It should be noted that the time periods during which the sweeper is used on the 
surface is a strong function of the additive kinetics, the sweeping efficiency, the plating 
current and the nature of the Cu layer desired. For example, if the plating current is 
increased, the preferential deposition into areas with additive differential may also be 
increased. The result then would be thicker copper layers over the features in Figures 6d 
and 6e. Similarly using additives with kinetic properties that allow the additive 
differential to last longer can give more deposition of copper over the unswept features 
because longer deposition can be carried out after sweeping and before bringing back the 
sweeper. The sweeping efficiency is typically a function of the relative velocity between 
the sweeper surface and the workpiece surface, the pressure at which sweeping is done, 
and the nature of the sweeper surface among other process related factors. 


26 


NT-225(U) 


Figure 6dd schematically shows the profile ofthe deposit in Figure 6d after an 
etching, electroetching, CMP or other material removal technique is used to remove most 
ofthe excess Cu from the surface. For clarity, the barrier layer 5 is also shown in this 
figure. As can be seen in Fig. 6dd, excess Cu from most ofthe field region is removed 
5 leaving bumps of Cu only over the features. 

Figure 6ee similarly shows the situation after the wafer surface depicted in Fig.6e 
is subjected to a material removal step. In this case there is a bump of Cu only over the 
large feature. 

hi any case removal ofthe bumps in Figures 6dd and 6ee and formation of a 
planar surface with no dishing can be achieved during the removal ofthe barrier layer 5 
from the field regions using techniques such as CMP. The result is the structure shown in 
Figure 2d. Dishing, which is depicted in Fig. 2e, is avoided in this process because there 
is excess Cu in the large feature at the beginning ofthe barrier removal step. 

It is possible to use DC, pulsed or AC power supplies for plating to occur using 
DC, pulsed, or AC power. Power can be controlled in many manners, including in a 
current controlled mode or in a voltage controlled mode or a combination thereof. Power 
can be cut off to the wafer during at least some period ofthe plating process. Especially 
if cutting off power helps establish a larger additive differential, power may be cut off 
during a short period when the sweeper sweeps the surface ofthe wafer and then power 
may be restored and enhanced deposition into the cavities ensues. Sweeper 40 may 
quickly sweep the surface at high pace and then retracted for a period of time or it may 
slowly move over the surface scanning a small portion at a time in a continuous manner. 
Fig. 7 is a sketch of an apparatus in accordance with the second preferred embodiment of 
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the present invention, which can be made not only as a new device, but also by modifying 
the conventional plating apparatus such as described above in Fig. 4. In Fig. 7, a mask 70 
is disposed in close proximity of the wafer 71 . A means of applying voltage V between 
the wafer 71 and an electrode 72 is provided. The mask 70 has at least one, and typically 
many, openings 73 in it. The openings 73 are designed to assure uniform deposition of 
copper from the electrolyte 74 onto the wafer surface. In other words, in this embodiment 
the surface of the mask 70 facing the wafer surface is used as the sweeper and the mask 
70 itself also establishes appropriate electrolyte flow and electric field flow to the wafer 
surface for globally uniform film deposition. Examples of specific mask that can be used 
are discussed in U.S. Patent Application entitled "Mask Plate Design" filed on the same 
day as this application, and which also is based on priority provisional application No. 
60/272,791 filed March 1, 2001. 

During processing, the mask surface is brought into contact with the surface of the 
wafer as the wafer and/or the mask 70 are moved relative to each other. The surface of the 
mask 70 serves as the sweeper on the wafer surface and establishes the additive 
differential between the surface areas and the cavity surfaces. 

For example the mask and wafer surfaces may be brought into contact, preferably 
at a pressure in the range of 0. 1-2 psi, at time zero for a short period of time, typically for 
a period of 2 to 20 seconds or until an additive differential is created between the top 
surface and the cavity surface. After creating the differential between the additives 
disposed on the top surface portion of the wafer and the cavity surface portion of the 
wafer, as described above, the mask 70 is moved away from the wafer surface, preferably 
at least 0.1 cm, so that plating can occur thereafter. The mask is moved away from the 
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wafer surface by mechanical action, increasing a pressure of the electrolyte on the mask, 
or through a combination thereof. As long as the differential in additives remains, plating 
can then occur. The plating period is directly related to the adsorption rates of the 
additives and the end copper structure desired. During this time, since the mask 70 does 
5 not contact the top surface of the wafer, the electrolyte solution then becomes disposed 
over the entire workpiece surface, thereby allowing plating to occur. And, due to the 
differential, plating will occur more onto unswept regions such as within features than on 
the swept surface of the wafer. Since the electrolyte is disposed over the entire wafer 
surface, this also assists in improving thickness uniformity of the plated layer and 
10 washing the surface of the workpiece off particulates that may have been generated 
during sweeping. 

Also, this embodiment advantageously/duces the total time of physical contact 
between the mask 70 and the wafer and mi^rnize possible defects such as scratches on 
the wafer. This embodiment may especially be useful for processing wafers with low-k 
5 dielectric layers. As well known in/ industry, low-k dielectric materials are 

^mechanically weak compared It/he more traditional dielectric films such as Si02: Once 
^ sufficient additive differerZl no longer exists, the mask 70 can again move to contact 
the wafer surface and create the external influence, as described above. If the mask 70 
repeatedly contacts th/ surface of the wafer, continued plating will yield the Cu film of 

If a profile as illustrated in Figure 6d is desired using this embodiment, then, in a 
manner similar to that mentioned above, after a profile as illustrated by Figure 6b is 
achieved by plating based upon an additive differential as described above, then a 
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conventional plating, without creating a farther additive differential, can be used so that 
the profile illustrated in Fig. 6d is achieved. 

If a profile as illustrated in Figure 6e is desired using this embodiment, then, ir 
manner similar to that mentioned above, after a profile as illustrated by Figure 6b , 
i achieved by plating based upon an additive differential as described above, then a 
combination of plating based upon an additive differential as described above followed 
by conventional plating can be used so that the profile illustrated in Fig. 6e is achieved. 
This is obtained by using the mask to sweep the additive disposed on the bumps over the 
small features on the top surface of the wafer, and therefore slowing the growth of 
conductor down at those bumps. Accordingly, once the mask is moved away from the 
surface, growth continues more rapidly over the large features whose inside surfaces had 
not been swept by the mask action. While the Fig. 5 embodiment described above was 
described using a sweeper, and the Fig. 7 embodiment was described above using a mask, 
it is understood that the two mechanisms, both being workpiece-surface-influencing 
devices can be used interchangeably, with our without a shaping plate. 

There are other possible interactive additive combinations that can be utilized and 
other additive species that may be included in the plating bath formulation. The present 
invention is not meant to be limited to the example interactive additive combinations 
cited herein, but rather includes any combination that establishes a differential between 
the additives on the swept and the unswept surfaces of the wafer. This differential is such 
that it causes more material deposition onto the unswept regions (in terms of per unit 
area) than the swept regions. This means the plating current density is higher on unswept 
surfaces than on swept surfaces. The sweeper 40 in Figure 6a is preferably flat and large 
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enough so that it does not go or sag into and sweep an inside surface of the largest 
features on the wafer. 

Along with using copper and its alloys as the conductive material, many other 
conductive materials such as gold, iron, nickel, chomium, indium, lead, tin, .ead-tin 
5 alloys, nonleaded solderable alloys, silver, zinc, cadmium, ruthenium, their respective 
alloys maybe used in thepresen, invention. The present invention is especially suited for 
the applications of high performance chip interconnects, packaging, magnetics, flat 
panels and opto-electronics . 

In another embodiment, and of particular usefulness when using a mask or a 
sweeper for sweeping, it is recognized that the plating current can affect adsorption 
characteristics of additive, For some additives adsorption is stronger on surfaces through 
which an electrical current passe, m such cases, adsorbing species may be more easily 
removed from the surface they were attached to, after electrical current is cut off or 
reduced from that surface . Loosely bound additives can then be removed easily by the 
mask or the sweeper. In the cavities, although loosely bound, additives can stay more 
easily because they do not get influenced by the external influence. Once the mask or the 
sweeper is used to remove loosely bound additives with power cut off, the mask or the 
sweeper can be removed from the surface of the wafer, and power then applied to obtain 
Plating, with the additive differential existing. This way sweeping time may be reduced 
minimizing physical contact between the sweeper and the wafer surface. 

In the previous descriptions, numerous specific details are set forth, such as 
specific materials, mask designs, pressures, chemicals, processes, etc., to provide a 
thorough understanding of the present invention. However, as one having ordinary skill 
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in the an w 0u)d r ec ogni2e , ^ present ^ ^ be ^ ^ ^ ^ ^ 
details specifically set forth. 

Alftough various preferred mlniimeas ^ ^ fa ^ ^ 

those skiHed in tfc „ will ^ ^ ^ ^ ^ ^ 

embodiment are possibie without mat e riallv departing fom ^ ^ ^ ^ 
advances of tnis invention. „ ^ be appreciated _ ^ ^ fa ^ ^ 
— fearures of t»e invention win ne empioyed without a responding use of otller 

appended claims. 
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